We conducted a cross-sectional study to investigate the relationship between psychological load and blood pressure using white-collar male employees of a company located in an urban area in June, 1991. Excluding those with diseases which might induce hypertension or those under 20 yr and over 60 yr of age, 570 male subjects were eligible for analysis. Logistic regression analysis was applied to 461 subjects excluding 109 who showed unstable blood pressure level; the dependent variable was blood pressure class which contained 386 normotensives and 75 hypertensives. The explanatory variables were age, obesity, alcohol intake, cigarette smoking, habitual physical exercise, all well-known factors affecting blood pressure level, working time, commuting time, paid annual leave, and type of living (with family or alone) as objective workload, and Karasek's job strain as psychological workload.
INTRODUCTION
With the aging of Japanese workers,1) hyper tension has become one of the most important health problems in health administration of work ers. Factors associated with blood pressure, for example, sodium intake2,3) obesity,4,5) alcohol intake,6,7) cigarette smoking, 8, 9) and habitual physical exercise,10,11) have been investigated as well as the rapid social changes or psychological stressors. [12] [13] [14] [15] [16] At the present time, psychosocial factors are becoming increasingly important in the administration of workers' health due to the highly industrialized society in which they live and to the complicated work they are engaged in.
The reported results regarding the relationship between psychosocial factors and blood pressure are not consistent. In some reports16-19) a posi tive association between them has been observed, while others20,21) have noted a negative correlation. In order to ascertain the relationship in Japan, we conducted a cross-sectional study using male white-collar workers engaged in a company located in an urban area. We adopted Karasek's 'job strain' model,22) a work-related psychosocial stress index usually used for this type of investigation.
MATERIALS AND METHODS
This survey was conducted as part of a larger occupational health study in a company. Infor mation regarding job strain and other blood pressure-associated factors were obtained by a self-administered questionnaire in June, 1991, and data on the health status of the subjects were col lected through the annual health check conducted successively after obtaining the questionnaire by the company's well-trained medical staff.
1. Measurement of variables. The questionnaire was sent to the subjects two weeks before the health check with a preface assuring them that their replies would not be utilized other than for health care purposes. To avoid information bias, a request was made to the subjects to complete the questionnaire before taking the medical check. Also, to confirm that the questionnaire was appro priately answered and that the subjects had not taken any antihypertensive medication, those re ceiving the questionnaire were instructed to have it checked by the medical staff. The following items were incorporated in the questionnaire: 1) alcohol intake, cigarette smoking, and physical exercise as well-known blood pressure-associated factors, 2) Karasek's job strain for subjective psychosocial stressor in daily work, 3) working time, commuting time, type of living (with family or alone), paid annual leave for objective workload, and others. The job strain items adopted in this survey were not the same as those of Karasek's and minimal changes were made so that the items would be suitable for Japanese subjects. Job strain items22) consisted of job demand and decision latitude and high job strain was defined as the combination of high job demand and low decision latitude. Decision latitude also consisted of decision authority and skill discre tion, but both come under one item of decision latitude according to Karasek because of their similar content. The items and the response patterns are shown in Appendix 1. The number of questionnaires returned was 759 (87.1%) out of 871.
As an index for obesity, body mass index5) (weight (kg)/ height (m)2), one of the important factors affecting blood pressure, was calculated using the medical check data. Blood pressure was measured by a doctor at the right arm of the seated subject using a standard mercury mano meter and a stethoscope. The first and fifth Korotkoff sounds were recorded as the systolic and diastolic blood pressure, respectively. Only in the case where the systolic measurement was 140mmHg or over and/or the diastolic measure ment was 90mmHg or over and when there was no use of antihypertensive medication and no record of a past history of hypertension, was the measurement taken a second time.
2. Subjects surveyed and analyzed. All subjects surveyed were engaged in daytime work with a flexible working time. They were white-collar workers engaged in administrative, clerical, and technical work for manufacturing process and system engineering in the company.
The number of those who completed the ques tionnaire and had their annual medical checkup was 749 (587 male and 162 female subjects). Female subjects were excluded from the data, since their age distribution tended to be too low. Also 17 who were under 20 or over 60 yr of age or suffering from diseases affecting blood pressure level such as chronic nephritis and di abetes mellitus were excluded from 587 male subjects. Therefore, 570 subjects were eligible for analysis.
3. Method of analysis. Subjects who showed systolic blood pressure of 160mmHg or over and/or diastolic blood pressure of 95mmHg or over and/or were under antihypertensive medication, were classified as hypertensive. Those who had a systolic blood pressure of under 140mmHg and a diastolic blood pressure of under 85mmHg and were not taken under antihypertensive medication were classified as normotensive. All others were categorized as intermediate blood pressure. The values used for the classification of the blood pres sure level were those of the first measurement. The responses to the questions concerning alcohol intake (50ml of ethanol or more a day, under 50 ml a day), cigarette smoking (smoking, quit smok ing or never smoked), physical exercise (once a week or more, others), average working time (9 h a day or under, 10h a day or more), commuting time one way (90min or more, under 90min), type of living (living alone, living with family), and paid annual leave (once a year or more, none) were dichotomized into two categories as described in the parentheses. Body mass index was dichotomized at 24 according to the study of Shimada et al.23) Responses to each item of job demand and decision latitude were classified as stressful or not stressful according to Karasek's job strain model (Appendix 1) and 1 point was assigned for a stressful case and O for the others. The summation points of items in each subject were classified into high or low job demand and high or low decision latitude, using the point that divided the subject group into nearly half. The combination of high job demand and low decision latitude was defined as high job strain and the other combinations as low job strain.
The logistic regression method24) was used for analyzing the relationship between blood pressure and job strain with the other variables described above. The strength of the relationship among factors was indicated by the standardized odds ratio calculated from the standard deviation and logistic regression coefficient. Independence of each variable was tested by the chi-square test. The SAS (statistical analysis system) in the Data Processing Center, Kyoto University, was used for the computation. Tables 1 and 2 show the prevalence of blood pressure class and other items investigated. The prevalence of hypertension increased with age. The prevalence of obesity and those with a heavy alcohol intake increased along with the blood pressure class, but the prevalence of those who complained of low decision latitude decreased with increase in blood pressure.
RESULTS
Their linearities were statistically significant at the level of p<0.05, respectively.
The prevalence of those complain ing of high job strain in the hypertensive group was lower than that of other blood pressure classes, but was not statistically significant.
1. Effects of age on each variable Since age is one of the largest confounding factors, we investigated its effects on each variable (Table 3 ). The prevalence of hypertension, heavy alcohol intake, and long commuting time in- creased, but few opportunities for physical exer cise, long working time, living alone, and low decision latitude decreased with age. The lineari ties were statistically significant (p<0.05). 2. Reliability of blood pressure at health check In order to examine the reliability of blood pressure at the time of medical checkup, the first measurement was cross-checked with the second measurement ( Table 4) . Of those classified as hypertensive at the first measurement, only one person changed into normotensive.
3. Validity and reliability of job strain items Factor analysis was applied to 570 subjects to test whether the items for job strain had the same factor structure as Karasek's model (Appendix 2). Eigen values of the first to third factor were all over 1.0 and the accumulated proportion was 58.8%. The first factor corresponded to job de mand, the second to decision authority, and the third to skill discretion. Thereafter, in accord ance with 'job strain model,' decision latitude, the combination of decision authority and skill discre tion, was used for further analysis.
The reliability of the factors was checked by Cronbach's alpha coefficient and those of each item were 0.80, 0.61, and 0.47, respectively. That of decision latitude was 0.57. In order to in vestigate whether the job strain items were cor related with other subjective stress items, we calculated the prevalence of those who responded affirmatively to the item of 'feel much stress' in each job strain category (Table 5) . Among those who complained of high job demand or of low decision latitude, the prevalence of affirmative responses to the high feeling of stress was higher at the statistical significance level of p<0.01. Also, high job strain, which consisted of a com bination of high job demand and low decision latitude, was strongly correlated with a high feeling of stress.
Logistic analysis
Excluding those who were in the intermediate blood pressure group which showed an unstable blood pressure classification between the first and second measurements, and also the one case who was classified as hypertensive at the first measure ment and became normotensive at the second measurement, logistic regression analysis was ap plied. The dependent variable was blood pressure group and the explanatory variables were blood pressure-related factors (Table 6 ). Age, body mass index, and alcohol intake showed positive logistic regression coefficients and job strain a negative coefficient. The values were statistically significant and the negative coefficient of job strain indicated that the higher the job strain, the lower was the prevalence of hypertension.
DISCUSSION
In this survey, blood pressure data were col lected from health checks and blood pressure -associated variables were also obtained through a self-administered questionnaire. We assessed the significance of blood pressure at the time of medical checkup and evaluated the possibility of biases of response to the questionnaire. Blood pressure measurement at medical checkup gener ally contains many uncertain factors. Baba et al. 25 ) investigated the significance of blood pressure at the time of checkup. They selected hyper tensive and normotensive subjects by blood pres sure level at medical checkup and performed a 24-h blood pressure monitoring and echo cardiog raphy. The results were: 1) Hypertensive cases showed nearly equivalent levels of blood pressure when measured during work and at medical checkup. 2) Blood pressure during work was correlated with cardiac organ damage, mainly cardiac hypertrophy, and hypertension at physical checkup had an important medical significance. Ishizaki et al.26) reported that in those who showed normotension after being hospitalized for a com plete medical checkup, their blood pressure level at annual health check reflected that of awake and at rest. In our survey, the cross analysis between the first and second measurement of blood pressure confirmed that the blood pressure classification would be suitable for determination of the normotensive group and was valid for further analysis.
We used Karasek's job strain model as the index for psychosocial stressors in the work environment.
The advantage of this model is that by evaluating the stressful state using the few basic factors, we could easily measure the strength of subjective feelings of stress at various kinds of work sites. The factor analysis extracted the same factors constituted in Karasek's model and the items used were also valid for our survey. The items constituting job demand and decision lat itude were strongly correlated with the subjective feeling of stress (Table 5) , and they also assured that these items would be valid as an index for evaluating feelings of stress.
Because this survey used a self-administered questionnaire, the possibility of bias had to be assessed. The questionnaire was completed before the subject's blood pressure was measured.
As the main purpose of this survey was not explained to the subjects, there was little possibility of bias in the responses to the psychosocial items in hyper tensive cases. The results of the logistic analysis showed that the well-known risk variables for hypertension such as age, body mass index, and alcohol intake were consistent with the results reported herebefore,4-11) and they assured that there were no systematic errors in the analysis itself.
Karasek's model18) assumes that high job strain is correlated with high blood pressure, but the results in this survey was inverse and high job strain was correlated with low prevalence of hypertension.
Job strain was correlated with the items of working time and paid annual leave and they were statistically significant at the level of p<0.05.
However, the values of correlation co efficient were small and it is difficult to explain how the items of working time or paid annual leave were confounding in this result. Inverse association between psychosocial factors and blood pressure has also been reported. Using bus drivers in San Francisco, Winkleby et al.20) reported that the psychosocial stress score decreased with the increase of the systolic and diastolic blood pressure. The reasons given were the following: First, a person tends to suppress his emotional reactions to cope with high strain and this causes an increase of blood pressure. Secondly, as an opposing possibility, high blood pressure reacts on the central nervous system and causes reduction in the perception of external events. Also The orell27) pointed out that those who were sensitive to blood pressure elevation such as those having a family history of hypertension, tended to report a low level of reaction to environmental stressors. They stated that in the investigation of the rela tionship between work environment and health status, personal traits should always be taken into consideration. We therefore checked the medical charts, which were prepared at the annual medical checkup, of the subjects under analysis to examine the effects of this family history of hypertension on the relationship between job strain and blood pressure. Only 336 charts were available, because the others did not contain a full description of family history. The odds ratio between job strain and family history was 1.65 (p<0.10) and those who complained of a low level of job strain tended to have a family history of hypertension. Also, that between family history and blood pres sure was 5.24 (p<0.001) and those having a family history of hypertension showed high prevalence of hypertension. As Theorell pointed out, those having a family history of hypertension tended not to complain very much regarding their en vironmental problems. Family history was ob viously correlated with blood pressure. We could not obtain any results on whether family history was concerned with the relationship between job strain and blood pressure, because only part of the subjects could be examined, but the possibility of its association cannot be ruled out. We did not take the family history of hypertension into account in considering the content of the ques tionnaire because the knowledge of subjects would be incorrect and it would make the results confus ing. Through further investigation, despite in sufficient evidence, the effects of personal traits represented by a family history of hypertension seemed to influence this problem, and therefore it should be always considered in the investigation. Winkleby et al.20) has found through a reference survey that the relationship between objective factors for psychosocial stressor and blood pressure was consistent, but in the case when subjective stressors were used, the results were inconsistent. Therefore, objective factors should always be taken into consideration in the survey.
This investigation was conducted as a cross sectional study. In a longitudinal survey con ducted by Chapman et al.,21) they observed no relation between blood pressure and Karasek's job strain. They pointed out the complexity of the relationship between blood pressure and psycho social factors and recommended that the two-way interaction of psychosocial factors such as Karasek's model should be considered in the analysis of blood pressure.
The relationship between psychosocial factors and blood pressure is complicated, but it will become increasingly important in connection with the concept of work-related disease.28) Further investigation must be conducted in regards to workers' health administration in Japan. Also objective indices of stress and individual traits represented by a family history of hypertension must be taken into consideration simultaneously.
